Introduction
Neurofibromas are benign peripheral neural sheath tumors composed of Schwann cells, fibroblast-like cells, and perineurial-like cells. [1] [2] [3] They can occur in a sporadic fashion, or in association with a genetic neurocutaneous disorder such as neurofibromatosis type 1 (NF1), formerly referred to as von Recklinghausen disease. NF1 is an autosomal dominant genetic disease and is estimated to occur in 1 per 3,000 to 4,000 individuals. 1, 4, 5 Neurofibromas that are associated with NF1 are thought to arise from loss of NF1 gene expression from the long arm of chromosome 17 (17q) which leads to increased levels of activated RAS. 1,2 Activated RAS is an oncogene which promotes unregulated growth. Loss of NF1 leads to increased occurrence of neurofibromas and optic gliomas, as well as pathognomonic findings of pigmented nodules of the iris (Lisch nodules) and pigmented skin lesions (café au lait spots).
Here we present the rare case of a large vagus nerve neurofibroma that was resected in a patient with NF1. We present the case report of the patient, including imaging findings and a technical note of a gross total resection (GTR). We also provide a review of the literature, including a discussion on the treatment algorithm of a patient with a vagus nerve neurofibroma.
Case Description History and Examination
The patient is a 22-year-old man with a history of NF1 and more than 25 previous neurofibroma resections including a left below-the-knee amputation who presented with a growing mass in his left anterior neck. He first noticed the mass 5 years ago and noted that it has been steadily growing during that time. The mass was associated with mild discomfort and tenderness. He was without dysphagia, dysphonia, hearing changes, or other cranial nerve and brachial plexus symptoms.
Physical examination revealed a large left anterior cervical mass that was tender, hard, and not mobile to palpation. In addition to the left cervical mass, there were innumerable smaller T2 hyperintense, avidly enhancing lesions throughout the superficial and deep soft tissues of the neck consistent with neurofibromas.
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Because of concern for progressive increase in size of the mass, patient discomfort, cosmetic appearance, and diagnosis purposes, we proceeded with surgical resection. Otolaryngology was consulted and assisted with the neck dissection.
Operation
After induction with general endotracheal anesthesia, the patient was placed in the supine position. The endotracheal tube was fit with the neural integrity monitor EMG (NIM-Response 3.0 System; Medtronic, Jacksonville, FL). Other electrodes for neuromonitoring were applied by the electrophysiologist. The anterior left neck was prepped and sterilized in the usual fashion. A shoulder roll was placed, and a horizontal skin incision was marked (►Fig. 3). The neck was injected with 3 mL of lidocaine with epinephrine. The superficial skin incision was made with a 5 blade, and subplatysmal skin flaps were elevated superiorly to the mandible and inferiorly to the clavicle.
The mass was palpated anteriorly and deep to the SCM. The external jugular vein (EJV) was preserved along with the greater auricular nerve. The SCM was elevated along its lateral surface and the omohyoid identified. The internal jugular vein (IJV) was identified and the carotid artery was palpated deep and medial to the mass. The mass was greatly displacing the vessels around it, including the IJV, which was distended. The mass was dissected along its posterior border and an attempt was made to identify the cranial nerve (CN) XI; CN XII was above the superior edge of the mass. The mass was dissected down to the prevertebral muscles and off of the deep cervical fascia. The inferior aspect of the tumor was identified and was connected to a nerve travelling along the EJV and IJV. This nerve was stimulated and was found to be the vagus nerve with stimulation of the laryngeal muscles on the NIM EMG.
Next, the great vessels were isolated off the mass with gentle dissection along the IJV and the carotid artery. The vessels were freed from the base of the mass and then from the superior edge of the mass. The final remaining fascial attachments were freed and the tumor capsule was identified (►Fig. 4).
The tumor was resected while preserving the vagal nerve. One branch going to the tumor was not functional (determined by stimulation) and was removed. We were able to stimulate at 0.5 mV and had a strong response of the laryngeal musculature prior to resection of the tumor. However, the preserved nerve was not able to be stimulated at 1.5 mV at the end of the resection. Elements of the removed tumor were sent to the pathology laboratory for permanent assessment. The mass was consistent with a myxoid, cystic neurofibroma, without areas of hemorrhage, necrosis, or induration (►Figs. 5 and 6). The resection cavity was inspected for residual tumor and it was concluded that a near GTR was achieved (►Fig. 7). A Jackson-Pratt drain was placed in the inferior neck and under the SCM. The platysma was closed with 3-0 vicryl and the skin with 4-0 subcuticular monocryl.
Postoperative Course
The patient noted a change in the quality of his voice after surgery that had not improved by his 1-month postoperative office visit. He noted intermittent coughing and choking with swallowing while supine. He had no difficulty swallowing while sitting upright. He was frustrated with the quality of his voice and felt that he could not be heard clearly over the phone. 
Discussion
Neoplasms of the vagus nerve are rare. Most of our literature on the subject of epidemiology and management of these lesions is composed of case studies and series. Within these series, the majority of neoplasms of the vagus nerve are schwannomas.
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Neurofibromas can theoretically arise from any peripheral nerve. It is thought that approximately 25% of symptomatic neurofibromas occur in the head and neck region.
12 Occasionally, they can cause cranial neuropathies by direct compression on CN IX, XI, and XII or a Horner syndrome via superior cervical ganglion compression. 6, 8, 13, 14 They are generally asymptomatic until they are large enough to cause discomfort or disfigurement. About one-half of neurofibromas present with pain. 3, 7 Vagus nerve tumors can present with dysphagia. 15 One case study of a vagus nerve sheath tumor described percussion of the mass causing a cough.
7,16
Most studies of vagus nerve neurofibromas have not borne out a sex-related predilection for occurrence. Peetermans et al 12 found that the age occurrence of vagus nerve neoplasms followed a bimodal distribution with peaks at the ages of 33 and 55. Physical exam maneuvers that are characteristic of peripheral nerve sheath tumors are a laterally mobile mass that cannot be manipulated superiorly or inferiorly. While the overwhelming majority of neurofibromas of the head and neck are benign, slow-growing tumors, it has been reported that they can degenerate into becoming malignant masses.
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Interestingly, a major risk factor for the development of malignant peripheral nerve sheath tumors in the head and neck is an antecedent history of radiation.
The management of a neurofibroma in a patient with NF1 should differ from the management of a patient with a spontaneous nerve sheath tumor. First, neurofibromas occur with greater prevalence in individuals with NF1, vis-à-vis schwannomas, which are the most common neoplasms of the vagal nerve. Dabir et al studied intrathoracic vagal nerve tumors and found that 28% of all tumors were associated with NF1. 18 Histological examination determined that all NF1 
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Often, clinicians tend to approach any mass in the neck as "malignant until proven otherwise." Ultrasonography can be helpful in the initial assessment of a suspicious neck mass due to its availability, ease of use, and real-time results it provides. 30 Additionally, the dynamic nature of the ultrasound imaging modality can let the surgeon determine the interaction of the mass with surrounding neurovascular components. If a peripheral nerve sheath tumor is suspected by history and physical exam/ultrasound findings, it is reasonable to pursue MR imaging of the mass. MRI is accepted as the best imaging modality to characterize peripheral nerve sheath tumors.
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As demonstrated with this case report, neurofibromas are usually T1 isointense, T2 hyperintense, and heterogeneously enhancing on T1 post-gadolinium contrast. 31, 32 In at least one prospective trial, MR diffusion tensor imaging (DTI) has allowed for direct visualization of specific nerve tracts entering and leaving a peripheral nerve sheath tumor. Benign and malignant primary nerve sheath tumors demonstrate overlapping features on MR imaging, including T2 hyperintensity, focal enlargement, and enhancement.
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Diffusivity measurements from diffusion-weighted imaging (DWI) may be helpful in differentiating malignant and benign peripheral nerve sheath tumors. 36 Diffusivity, or microscopic mobility of water protons in tissue, inversely correlates with tumor cellularity and tumor grade in general. 36 The ADC is a measure of the diffusivity. The difference in ADC values may reflect tumor cellularity, integrity of cell membranes, nuclear-to-cytoplasmic ratio, and water content of the extracellular matrix. These features have been postulated to account for relatively low diffusivity within malignant solid tumors in prior studies.
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As mentioned previously, the gold-standard treatment for a symptomatic vagus nerve tumor is an attempt for GTR with preservation of neurological function as radiosurgery is not effective on these tumors. 7, 8, 23, 40 Neurofibromas often prove to be the most difficult nerve sheath tumors to achieve GTR.
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Surgery for resection of a vagus tumor mass should be a multiple disciplinary endeavor. 15 In our case, both otolaryngologists and neurosurgeons were employed to treat this tumor in a complicated anatomical area. Otolaryngologists performed a large neck dissection in our patient to create a wide operative field, which is critical to avoid injury to the important neurovascular structures that traverse the anatomical area. While imaging can help with diagnosis and inform safe operative corridors for the surgeon, electromyography (EMG) for nerve action potentials (NAP) must be used intraoperatively for safe tumor resection. 42 In our case, after the tumor mass was visualized following the neck dissection, NAP was used to identify on which nerve the tumor was Possible complications from vagus nerve neurofibroma resection surgery include injury to important neurovascular structures in the neck, especially injury to the vagus nerve. This could lead to vocal cord paralysis, arrhythmias, and dysphagia. In their large series that included neurofibroma resections in NF1 patients with multifocal nerve lesions, Donner et al reported a 16% decrease in motor function using the intracapsular enucleation technique. Up to 10% of these patients developed pain syndromes in the sensory distribution associated with the nerve that was operated upon. 7 Green et al reported a 40% occurrence of dysphagia and 46% occurrence of aspiration after vagus nerve tumor surgery. 6 Gilmer-Hill and Kline stated that nearly all patients who have vagus nerve tumor resections will develop transient hoarseness postoperatively. 8 Our patient noticed a change in voice that did not resolve within a month postoperatively. Laryngoscopic examination revealed a paralyzed left vocal cord which was treated with injection of Prolaryn Gel. At least one study has shown that by 12 months after injection laryngoplasty, 71% of patients experienced at least compensated function of the paralyzed vocal cord.
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►Table 1 shows cervical vagus nerve neurofibromas treated with surgical resection. A PubMed search was completed using search terms "vagus(al) nerve neurofibroma" and "vagus(al) nerve neurilemmoma" from March 1947 to October 2015. Cases of histologically confirmed neurofibromas arising from the cervical level of the vagus nerve (angle of mandible to sternoclavicular joint) were included from English-written abstracts and articles that were retrievable through PubMed. Cases that did not have adequate demographic/histologic information were not translated into English, or were not retrievable through PubMed were not included.
This search found 25 other reported cervical vagus nerve neurofibromas in the literature. The average age of presentation in these cases was 32.8 ( AE 14.2) years. Sixty percent of patients had NF1; 75% of patients presented with a neck mass; and 46% had dysphagia, hoarseness, or another neurological deficit. After surgery, 45% of patients developed at least transient vocal cord palsy. It appears that postoperative hoarseness and vocal paralysis occur at a relatively high rate after vagus nerve neurofibroma resection, and patients should be counseled about this outcome.
Conclusion
Vagus nerve neurofibromas are rare, but are more common in patients with NF1. Gold-standard treatment of symptomatic benign vagus nerve masses is an attempt at GTR with minimal loss of nerve function. Postoperative hoarseness and vocal paralysis are difficult to avoid in vagus nerve neurofibroma resection.
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